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Abstract 

The  aejor  goal  of  the  present  study  was  to  demonstrate  an  aptitude- 
strategy  Interaction  in  linear  syllogistic  reasoning.  Specifically,  It 
was  hypothesized  that  the  efficiency  of  each  of  four  alternative  strategies 
for  solving  linear  syllogisms — problems  such  as  "John  Is  taller  than  Bill; 

Bill  Is  taller  than  Pete;  who  Is  tallest?"— would  depend  upon  subjects' 
patterns  of  verbal  and  spatial  abilities.  This  hypothesis  was  confirmed. 

Tie  research  also  had  three  subsidiary  goals.  The  first  was  to  determine 
whether  It  Is  possible  to  train  subjects  to  use  various  classes  of  strate- 
gies for  solving  linear  syllogisms.  It  was  found  that  such  training  Is 
possible.  The  second  goal  was  to  determine  whether  certain  strategies  for 
solving  linear  syllogisms  might  be  more  efficient  on  the  average  than  others. 

It  was  found  that  one  strategy,  used  spontaneously  by  only  a small  minority 
of  subjects  but  rather  easily  trainable.  Is  more  efficient  than  alternative 
strategies  that  subjects  seem  to  use.  The  third  goal  was  to  provide  a series 
of  converging  operations  for  testing  the  validity  of  one  particular  account 
of  llnear-sylloglstlc  reasoning — a apatlal-llngulstlc  mixture  model — for 
subjects  receiving  no  explicit  Instruction  In  the  solution  of  linear  syllogisms. 
The  validity  of  this  model  for  the  untrained  subjects  was  upheld.  It  was 
concluded  that  componentlal  analysis,  a series  of  conceptual  and  methodological 
techniques  for  Investigating  Intelligent  performance,  can  provide  a useful  means 
for  studying  interactions  between  aptitudes  and  experimental  treatments. 
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An  Aptitude-Strategy  Interaction  in  Linear  Syllogistic  Reasoning 

During  the  1970*8,  psychologists  have  witnessed  a belated  and  long 
overdue  response  to  Cronbach's  (1957)  plea  for  a unification  of  the  two 
disciplines  of  scientific  psychology  (see,  for  example.  Resnick,  1976). 

Two  responses  to  this  plea  that  have  received  particularly  widespread 
attention  are  the  study  of  aptitude- treatment  interactions  (see  Cronbach 
& Snow,  197Z)  and  cognitive-process  analysis  (see  Sternberg,  1977b).  The 
present  research  represents  a first  attempt  to  apply  a form  of  cognitive- 
process  analysis,  componential  analysis  (Sternberg,  1977b,  1978a,  1978b, 

1978c,  1979),  to  the  investigation  of  a particular  kind  of  aptitude-treat- 
ment Interaction,  one  involving  the  interaction  between  aptitude  and  op- 
timal strategy  during  problem  solving.  This  integration  of  methodologies 
was  motivated  in  large  part  by  the  hypothesis  that  the  failure  to  obtain 
reliable  and  replicable  aptitude-treatment  Interactions  in  much  previous 
r esearch  has  been  due  in  large  part  to  the  failure  to  apply  certain  the- 
oretical and  methodological  tools  that  might  have  permitted  the  discovery 
of  such  Interactions. 

The  major  goal  of  the  present  study  was  to  demonstrate  an  aptitude- 
strategy  Interaction  In  linear  syllogistic  reasoning.  Specifically,  it 
was  hypothesized  that  the  efficiency  of  each  of  four  alternative  strategies 
for  solving  linear  syllogisms — problems  such  as  "John  Is  taller  than  Bill; 

Bill  is  taller  than  Pete;  who  is  tallest?"-- would  depend  upon  subjects' 
patterns  of  verbal  and  spatial  abilities.  The  research  also  had  three 
subsidiary  goals:  first,  to  determine  whether  it  is  possible  to  train 
subjects  to  use  various  classes  of  strategies  for  solving  linear  syllogisms 
(and  ideally,  the  class  of  strategy  most  suited  to  an  individual  subject's 
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pattern  of  abilities);  second,  to  detenlne  whether  certain  strategies 
for  solving  linear  syllogisms  might  be  more  efficient  on  the  average  than 
others;  and  third,  to  provide  a series  of  converging  operations  for  testing 
the  validity  of  one  particular  account  of  linear-syllogistic  reasoning 
(Sternberg,  In  press-a.  In  press-b;  Sternberg,  Guyote,  & Turner,  In  press) 
as  a model  of  strategy  for  subjects  receiving  no  explicit  Instruction  on 
how  to  solve  linear-syllogism  problems. 

Interactions  between  aptitudes  and  optimum  strategies  for  problem 
solution  have  appeared  only  Infrequently  In  the  psychological  literature, 
but  at  least  some  of  the  Interactions  that  have  been  demonstrated  have  been 
striking.  Such  Interactions  have  been  demonstrated  In  the  solution  of  ana- 
grams and  In  the  solution  of  sentence-picture  comparisons. 

Gavurin  (1967)  randomly  divided  27  college  students  Into  two  groups. 
Subjects  In  one  group  solved  anagrams  under  standard  conditions:  The  ex- 
perimenter presented  the  subjects  trlth  sets  of  scrambled  words,  and  required 
the  subjects  to  rearrange  the  letters  mentally  until  they  produced  an  accepta- 
ble English  word.  Subjects  In  the  second  group  solved  the  anagrams  under 
a nonstandard  condition:  The  experimenter  presented  the  subjects  with  the 
Individual  letters  of  each  word  written  on  Individual  tiles  that  could  be 
manipulated  manually.  Gavurin  hypothesized  that  because  performance  In  the 
first  condition  required  mental  manipulation  and  visualization  of  the  letters 
and  various  letter  patterns,  a significant  correlation  would  be  found  between 
scores  on  the  anagrams  task  and  scores  on  a test  of  spatial  ability;  he  also 
hypothesized  that  because  performance  In  the  second  condition  permitted 
manual  manipulation  and  physical  rearrangement  of  the  letters  and  various 
letter  patterns,  the  correlation  between  anagram  performance  and  spatial 
test  scores  would  be  trivial.  These  hypotheses  were  confirmed.  The  cor- 
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relation  between  anagrams  solved  and  scores  on  the  Minnesota  Paper  Form 
Board,  a standard  test  of  spatial  ability,  were  .54  In  the  first  condition, 
and  -.18  In  the  second  condition.  These  two  correlations  differed  signifi- 
cantly from  each  other. 

MacLeod,  Hunt,  and  Mathews  (1978)  discovered  pronounced  Individual 
differences  In  strategies  for  solving  sentence-picture  comparison  problems. 

In  a typical  problem  of  this  type,  a subject  Is  presented  with  a sentence, 
such  as  "The  star  Is  above  the  plus,"  and  a picture,  such  as  The 

subject's  task  Is  to  Indicate  whether  the  picture  correctly  depicts  the 
content  of  the  statement.  The  authors  found  that  of  70  university  under- 
graduates, a majority  adopted  a linguistic  strategy  well  described  by  a 
model  of  task  performance  proposed  by  Carpenter  and  Just  (1975).  The 
authors  also  found,  however,  that  a smaller  number  of  subjects  used  a 
plctorlal-spatlal  strategy.  Moreover,  subjects  using  the  plctorlal-spatlal 
strategy  were  substantially  superior  In  spatial  ability  to  subjects  using 
the  linguistic  strategy.  The  evidence  suggested,  therefore,  that  o subject's 
choice  of  strategy  was  dictated  at  least  In  part  by  his  or  her.  pattern  of 
verbal  and  spatial  abilities. 

Previous  research  on  the  linear-syllogisms  task  has  tended  to  concentrate 
upon  identifying  the  strategy  or  strategies  subjects  use,  and  the  mental  repre- 
sentations upon  which  these  strategies  act,  when  the  subjects  solve  linear  syl- 
logisms (e.g.,  Clark,  1969a,  1969b;  DeSoto,  London,  & Handel,  1965;  Huttenlocher, 

1968;  Huttenlocher  & Higgins,  1971;  Sternberg,  In  press-a.  In  press-b).  Four 
basic  models  have  been  proposed.  These  are  summarized  here.  The  first  three 
of  the  models  are  described  In  some  detail  In  Sternberg  (In  press-b). 


According  to  a spatial  model  (DeSoto  et  al.,  1965;  Huttenlocher,  1968; 
Huttenlocher  4 Higgins,  1971),  Information  from  the  two  premises  of  a linear 
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aylloglsm  la  Integrated  and  then  repreaented  in  a apatlal  array.  In  the  example 

preaented  earlier,  the  three  terma  In  the  linear  aylloglam  would  be  repre- 

John 

aented  In  an  array  auch  aa  Bill.  The  exact  form  of  the  array  will  depend 

Pete 

upon  the  premlae  adjective.  Certain  adjectlvea,  auch  aa  taller,  are  more 
likely  to  lead  to  vertical  arraya,  whereaa  other  adjectlvea,  auch  aa  faater. 
are  more  likely  to  lead  to  horizontal  arraya.  But  an  array  la  alwaya  formed, 
and  when  the  aubject  la  aaked,  aay,  who  la  talleat,the  aubject  answers  the 
question  by  searching  for  the  top  member  of  the  particular  array. 

According  to  a linguistic  model  (Clark,  1969b),  Information  from  the 
two  premises  of  a linear  syllogism  la  not  Integrated,  and  Is  represented  by 
deep-structural  linguistic  propositions.  In  the  example  presented  earlier, 
the  two  premises  would  be  represented  as  (John  la  tall+;  Bill  la  tall);  (Bill 
la  tall-t-;  Pete  la  tall).  When  the  subject  is  asked  who  la  tallest,  the  sub- 
ject searches  for  the  Item  representing  an  individual  who  Is  tall-f  relative 
to  both  other  individuals. 

According  to  a mixed  model  (Sternberg,  In  press-b).  Information  from  the 
two  premises  of  a linear  syllogism  la  first  decoded  Into  a linguistic  format 
and  then  recoded  Into  a spatial  format.  When  the  subject  is  asked  who  la 
tallest,  he  or  she  always  scans  the  spatial  array  for  the  correct  answer,  and 
In  certain  cases,  confirms  the  result  of  this  scan  by  checking  the  linguistic 
propositions.  This  model  attempts  to  capture  some  of  the  best  features  of 
the  spatial  and  linguistic  models,  and  also  contains  features  found  In  neither 
of  the  previous  models. 

According  to  an  algorithmic  model  (Quinton  & Fellows,  1975),  a surface- 
structural  linguistic  representation  of  premise  Information  Is  sufficient  to 
solve  linear  syllogisms,  and  can  be  used  by  subjects  to  bypass  the  more  so- 
phisticated representations  proposed  by  the  models  described  above.  When  the 
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subject  Is  asked  who  Is  tallest,  a simple  set  of  rules  (an  algorithm),  de- 
scribed later  In  the  article.  Is  used  to  answer  the  question. 

TWO  other  models  have  been  proposed  that  posit  strategy  changes  over 
time.  These  models  both  argue  that  the  spatial  and  linguistic  models  are 
each  used  at  different  levels  of  practice  with  linear  syllogisms,  but  they 
disagree  as  to  the  priority  of  usage.  According  to  a spatlal-llngulstlc 
strategy-change  model  (Johnson- Laird,  1972;  Wood,  Shorter,  & Godden,  1974), 
subjects  first  use  a spatial  strategy,  and  after  practice,  switch  to  a lin- 
guistic strategy.  According  to  a llngulstlc-spatlal  strategy-change  model 
(Shaver,  Pierson,  & Lang,  1974),  subjects  first  use  a linguistic  strategy, 
and  after  practice,  switch  to  a spatial  strategy. 

The  present  research  utilized  the  models  of  linear  syllogistic  reasoning 
described  above  as  the  theoretical  basis  for  accomplishing  the  goals  set  out 
earlier.  Subjects  In  the  experiment  were  divided  Into  three  groups.  In  a 
first  group,  subjects  received  no  special  training  In  the  solution  of  linear 
syllogisms;  they  were  required  to  devise  their  own  strategies.  In  a second 
group,  subjects  received  visualization  training;  they  were  given  Instruction 
In  how  to  form  spatial  arrays  and  were  told  to  use  such  arrays  In  their  solu- 
tion of  the  problems.  In  a third  group,  subjects  received  algorithmic  training; 
they  were  shown  how  to  use  the  algorithm  proposed  by  Quinton  and  Fellows  (1975) 
to  solve  linear  syllogisms,  and  were  told  to  use  this  algorithm.  Data  analyses 
were  planned  to  compare  the  performance  of  the  three  groups. 

Method 

Subj ects 

Subjects  In  the  experiment  were  144  Yale  undergraduate  and  graduate  students. 


approximately  equally  divided  between  sexes.  Subjects  were  assigned  to' 
three  Instructional  groups  at  random,  with'  the  constraint  that  there  be  equal 
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nuabers  of  subjects  In  each  group.  All  subjects  were  paid  $2.50  per  hour 
for  their  participation,  which  lasted  about  two  hours. 

Materials 

Experimental  stimuli.  Experimental  stimuli  were  three- term  series  prob- 
lems (linear  syllogisms)  and  two-term  series  problems.  Typical  three-  and  two- 
term  series  problems  were  "John  is  taller  than  Bill;  Bill  Is  taller  than  Pete; 
Who'  Is  tallest?  John,  Bill,  Pete"  and  "Bill  is  not  as  tall  as  John;  Who  is 
shortest?"  Bill, John."  The  32  types  of  three-term  series  problems  varied 
dLchotomously  along  five  dimensions:  (a)  whether  the  first  premise  adjective 
was  marked  (e.g.,  shorter)  or  unmarked  (e.g.,  taller) ; ^(b)  whether  the  second 
premise  adjective  was  marked  or  unmarked;  (c)  whether  the  question  adjective 
was  marked  or  unmarked;  (d)  whether  the  premises  were  affirmative  or  negative; 

(e)  whether  the  correct  answer  to  the  question  was  in  the  first  or  second 
premise.  The  8 types  of  two-term  series  problems  varied  dlchotomously  along 
three  dimensions:  (a)  whether  the  premise  adjective  was  marked  or  unmarked; 

(b)  whether  the  question  adjective  was  marked  or  unmarked;  (c)  whether  the 
premise  was  affirmative  or  negative.  There  were  three  replications  of  each 
Item  type,  one  using  the  adjective  pair  taller-shorter,  one  using  the  adjective 
pair  better-worse,  and  one  using  the  adjective  pair  faster-slower. 

Mental  ability  tests.  Pour  i:ests  of  mental  abilities  were  administered  : 
two  tests  of  verbal  ability  and  two  tests  of  spatial  ability.  The  verbal 
tests  were  a word  grouping  task.  In  which  subjects  had  to  indicate  which  of  five 
words  did  not  belong  with  the  other  four,  and  Form  S of  the  DAT  Verbal 
Reasoning  Test,  which  required  subjects  to  solve  verbal  analogies  with  the 
first  and  last  terms  missing.  The  spatial  tests  were  Card  Rotation,  from 
the  French  Kit  of  Reference  Tests  for  Cognitive  Factors,  which  required  sub- 
jects to  rotate  two-dimensional  shapes  mentally  and  decide  whether  or  not 
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they  were  mirror  images  of  other  shapes,  and  Form  S of  the  DAT  Spatial  Relations 
Test,  which  required  subjects  to  visualize  what  forms  would  look  like  when 
folded  up  in  three  dimensions. 

Apparatus 

Experimental  stimuli  were  presented  via  a Cerbrands  two-field  tachisto- 
scope  with  an  attached  millisecond  clock.  Mental  ability  tests  were  adminis- 
tered in  paper-and-pencll  format. 

Design 

The  main  dependent  variable  was  solution  latency  for  each  of  the  two-  and 
three-term  series  problem  types.  The  main  Independent  variables  in  the  experi- 
mental design  were  instructional  treatment  and  stimulus  type.  There  were  a 
total  of  40  different  stimulus  types  (two-  and  three-term  series  problems) 
administered  in  three  replications,  and  these  served  as  the  basis  for  the  mathe- 
matical modeling  used  to  identify  strategies  followed  in  each  of  the  three 
instructional  groups. 

Procedure 

Testing  was  done  in  one  sitting,  although  the  presentation  of  experimental 
stimuli  was  divided  into  three  parts,  which  will  be  referred  to  as  "sessions." 
Each  session  consisted  of  presentation  of  the  40  item  types  with  one  of  the 
three  adjective  pairs.  Mental  ability  testing  was  done  at  the  end  of  the 
sitting,  with  tests  presented  in  random  order  under  the  constraint  that  two 
tests  of  the  same  type  (verbal  or  spatial)  were  never  presented  consecutively. 

Subjects  in  all  three  groups  were  first  told  that  they  would  be  solving 
"relational  inference"  problems,  and  were  then  shown  three  typical  relational 
Inference  items.  Next,  subjects  were  instructed  in  how  to  solve  the  problems, 
as  described  below.  Then,  subjects  in  all  groups  were  told  that  "accuracy  is 
extremely  important.  Though  you  should  attempt  to  solve  each  problem  as  rapidly 
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an  you  are  able,  it  is  most  inportant  that  you  make  the  fewest  errors  possible." 

Subjects  in  all  groups  were  told  that  their  task  was  to  "read  the 
atatement (s) , answer  the  question  based  on  your  understanding  of  the  state- 
ments(s),  and  choose  one  of  the  answer  choices"  by  pressing  the  appropriate 
button  on  a button  panel.  Subjects  in  the  visualization  and  algorithm  groups 
were  further  told  that  "though  there  are  many  methods  of  solving  these  prob- 
lems, for  the  purposes  of  this  experiment,  you  will  be  asked  to  solve  these 
problems  using  the  following  method."  The  "following  method"  differed  across 
the  two  instructional  groups. 

Members  of  the  visualization  group  were  told  to  "try  to  organize  the 
statenents  into  a spatial  array  or  a series  formation.  Try  to  visualize  the 
relationships  described  in  the  statements."  Subjects  were  then  shown  examples 
of  different  pictorial  arrays  that  might  correspond  to  what  they  would  con- 
struct in  their  heads.  They  were  told  that  they  could  use  any  of  the  pic- 
torial formats,  or  some  other,  so  long  as  they  used  some  pictorial  format. 

Members  of  the  algorithm  group  were  told  to  read  the  final  question  first, 

then  to  read  the  first  statement,  then  to  answer  the  question  in  terms  of 

die  first  statement,  and  finally  to  scan  the  second  statement.  "If  the  answer 

to  the  first  statement  ^ not  contained  in  the  second  statement,  the  answer 

to  the  first  statement  is  the  correct  response  to  the  entire  problem. .. .If 

the  answer  to  the  first  statement  ^ contained  in  the  second  statement,  then 

the  other  answer  choice  in  the  second  statement  is  the  correct  response  to 

the  entire  problem."  As  subjects  went  through  the  steps,  they  followed  along 

2 

an  actual  example  of  the  method  applied  to  a sample  linear  syllogism. 

Following  the  Instructions,  subjects  were  given  ten  practice  items  before 


starting  the  actual  test  items 
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Resulta 

Original  Groups 

Croup  aeans.  Table  1 shows  aean  latencies  for  subjects  in  each  of 
the  three  groups.  The  data  of  aain  interest  are  for  the  three-ten  aeries 

Insert  Table  1 about  here 

problems  averaged  over  sessions.  Means  are  also  shown  for  the  three-term 
aeries  problems  for  each  individual  session,  and  for  the  two-  and  threa- 
ten series  problems  combined. 

The  question  of  interest  was  whether  there  would  be  any  effect  of  training 
condition.  A one-way  analysis  of  variance  on  the  three-ten  series  latencies 
averaged  over  sessions  reveals  that  there  was  a highly  significant  effect  of 
condition,  jP(2,141)  ■ 2b. 91,  < .001.  A follow-up  of  this  analysis  using 

the  Newman-Keuls  procedure  indicates  that  the  mean  for  the  algorithmic  condi- 
tion differs  significantly  from  the  means  for  each  of  the  other  two  conditions, 
but  that  the  means  for  these  two  conditions  do  not  differ  significantly  from 

each  other.  These  data  indicate  that  algorithmic  training  reduces  response 

3 

times  relative  to  no  training  or  visualization  training.  Visualization  training, 
however,  has  no  effect  upon  response  times  relative  to  no  training  at  all. 

Intercorrelations  and  reliabilitieg.  Table  2 shews  intercorrelatlons 
between  and  reliabilities  of  the  solution  latencies  for  the  linear>syllogism 
problems.  Vhereas  correlations  between  latencies  for  the  algorithmic  group 
and  each  of  the  other  two  groups  are  clearly  below  the  reliabilities  of  the 
data,  the  correlation  between  the  latencies  of  the  untrained  and  visualization 
groups  is  at  the  same  level  as  the  reliabilities  of  the  data.  The  high  corre- 


Inaert  Table  2 about  here 
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lation  between  data  sets,  combined  with  the  nonsignificant  difference  between 
means,  strongly  suggests  that  subjects  In  the  visualization  group  are  solving 
the  linear  syllogisms  In  the  same  way  that  subjects  in  the  untrained  group 
are  solving  the  problems.  Moreover,  these  results  suggest  that  untrained 
subjects  d^  In  fac^  rely  upon  spatial  visualization  at  some  point  during  the 
solution  process.  The  results  are  consistent  with  either  the  spatial  or 
mixed  model  for  untrained  subjects,  but  not  with  either  of  the  linguistic  or 
algorithmic  models,  neither  of  which  posits  any  spatial  representation  of 
premise  terms. 

Mati.amatlcal  modeling.  Mathematical  models  quantifying  each  of  the  infor- 
mation-processing models  were  fit  to  the  latency  data  for  both  the  group  and 
individual  data.  Details  concerning  the  quantification  procedures,  which 
require  a somewhat  lengthy  exposition,  are  contained  elsewhere  (Sternberg, 
in  press-b).  The  basic  procedure,  which  has  been  used  for  other  kinds  of 
problems  as  well  Ccf.  Sternberg,  1977a,  1977b,  1979;  Sternberg,  Guyote,  & 
Turner,  in  press),  involves  assigning  a mathematical  parameter  to  represent 
the  duration  of  each  information-processing  component  In  each  model.  Values 
of  parameters  are  then  estimated  by  a multiple  regression  of  solution  latencies 
on  the  independent  variables  (sources  of  problem  difficulty)  stipulated  by 
each  model.  The  models  are  then  compared  in  their  relative  abilities  to 
predict  the  solution  latencies  for  the  various  Item  types.  The  total  number 
of  data  points  to  be  predicted  equals  the  number  of  Item  types:  32  for  three- 
term  series  problems,  and  40  for  two-  and  three-term  series  problems  combined. 

Fits  of  models  are  assessed  in  terms  of  two  indices  of  model  quality, 

2 2 
R and  root-mean-square  deviation  (RMSD).  The  first  index,  R , is  a measure 

of  the  proportion  of  variance  in  the  response-time  data  accounted  for  by 

the  set  of  independent  variables  specified  by  a given  model;  higher  values. 
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of  course,  are  indicative  of  better  fit.  The  second  index,  RMSD,  is  a measure 
of  the  root-mean-square  deviation  of  the  observed  values  from  the  values  pre- 
dicted under  a given  model;  lower  values  are  indicative  of  better  fit.  Values 
of  RMSD  are  expressed  in  the  same  unit  of  measurement  as  the  data,  so  that 

It  is  possible  to  compare  the  two  sets  of  values  to  each  other  directly. 

2 

Values  of  R and  RMSD  generally  lead  to  consistent  conclusions,  although  they 

need  not  do  so  if  the  variances  of  the  predicted  values  differ  across  models. 

2 

R is  sensitive  to  these  variance  differences,  whereas  RMSD  is  not. 

Table  3 shows  fits  of  the  mathematical  models  to  the  latency  data  for 
each  of  the  three  groups.  Fits  of  primary  Interest  are  those  for  three- 

insert  Table  3 about  here 


term  series  problems  averaged  over  sessions,  although  fits  are  also  shown 
for  the  individual  sessions,  and  for  the  two-  and  three-terra  series  problems 
combined.  We  shall  consider  separately  the  fits  for  each  of  the  three  groups. 

The  results  of  the  present  experiment  for  the  untrained  group  corroborate 
those  of  Sternberg  (in  press-a,  in  press-b)  in  supporting  the  mixed  model  over 
the  linguistic  and  spatial  models.  The  algorithmic  model  was  not  tested  in 
either  of  the  previous  studies,  although  the  mixed  model  is  superior  to  this 
model  as  well  in  the  present  study.  The  levels  of  fit  for  the  mixed  model 
(and  for  the  alternative  models)  are  quite  close  to  those  in  the  previous 
experiments,  suggesting  that  subjects  in  the  untrained  group  probably  solved 
the  problems  in  much  Che  same  way  as  did  subjects  in  Che  earlier  experiments. 

As  might  be  expected  from  the  analyses  of  means  and  intercorrelations, 
the  results  for  the  visualization  group  closely  parallel  those  for  the  un- 
trained group.  Recall  chat  although  subjects  in  this  group  were  trained  to 
use  a particular  representation,  they  were  not  trained  to  use  a particular 


Aptitude-Strategy  Interaction 
13 

set  of  operations  to  act  upon  this  representation.  Thus,  either  of  the 
spatial  or  mixed  strategies  would  have  been  consistent  with  the  training 
abjects  received.  Again,  Che  superiority  of  the  mixed  model  held  over 
sessions,  and  for  the  combined  data  of  two-  and  three-term  series  problems 
as  well. 

Finally,  consider  the  model  fits  for  the  algorithmic  group.  Here, 

Che  results  are  equivocal.  The  fit  of  the  mixed  model  is  clearly  worse 

dtan  In  either  of  Che  other  two  groups,  and  the  fit  of  the  algorithmic  model 

k clearly  better.  But  the  data  do  not  distinguish  these  two  models  from  each 

other,  nor  even  distinguish  them  from  the  linguistic  model.  There  are  at 

least  two  reasons  why  this  might  be  so,  and  both  of  them  are  likely  to  apply 

to  some  extent.  First,  what  subjects  are  actually  doing  In  the  algorithmic 

group  might  be  different  from  what  they  are  doing  In  the  other  two  groups, 

but  might  not  correspond  exactly  to  what  any  of  the  prespecified  models  claim 

the  subjects  are  doing.  This  hypothesis  Is  almost  certainly  correct,  since 
2 

tie  value  of  R for  the  three-term  series  problems  Is  considerably  lower 
Chan  Che  reliability  of  the  data.  Second,  there  may  be  In  this  group  (and 
ii  the  other  Instructed  group  as  well)  subjects  who  are  using  a model  other 
tian  the  assigned  one.  In  this  case,  the  algorithmic  one.  The  failure  of  these 
subjects  to  follow  Instructions  would  result  In  a mixture  of  strategies  within 
as  well  as  between  groups.  This  possibility  will  be  tested  later. 

None  of  the  three  conditions  showed  evidence  of  an  Interaction  between 
the  optimum  model  of  performance  and  amount  of  practice.  There  Is  thus  no 
evidence  to  support  the  strategy-change  models  noted  earlier. 

Correlations  between  solution  latencies  and  ability  factor  scores.  A 
factor  analysis  was  performed  on  the  four  mental  ability  tests  using  a principal- 
factor  solution  rotated  to  a varlmax  criterion.  Two  factors  emerged  (with 
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dgenvalues  greater  than  one),  accounting  for  Z of  the  variance  In  the  data, 
lie  factors  could  be  clearly  labeled  as  a verbal  factor  and  a spatial  factor. 
Since  correlations  with  the  factor  scores  present  a good  summary  of  correlations 
with  the  Individual  tests,  only  correlations  with  the  factor  scores  will  be 
presented  here.  These  correlations  with  factor  scores  (estimated  by  regression) 
are  presented  In  Table  4. 

Insert  Table  4 about  here 

The  correlations  Indicate  that  the  experimental  stimuli  provide  good 
measures  of  both  verbal  and  spatial  abilities  in  the  uninstructed  and  visually 
Instructed  groups.  This  Is  the  pattern  one  would  expect  If  subjects  were  using 
a mixture  model  In  which  both  linguistic  and  spatial  representations  are  used 
* varying  points  during  the  solution  sequence.  These  correlations,  then,  are 
supportive  of  a mixed  model.  Correlations  in  the  algorithmic  group  are  gen- 
erally lower  than  In  either  of  the  other  two  groups,  although  they  are  also 
generally  significant.  Since  the  factors  are  orthogonal,  the  significant  cor- 
relations with  .both  abilities  cannot  be  due  to  any  overlap  In  the  two  kinds 
d abilities.  The  data  therefore  suggest  a mixture  of  representations  In  the 
algorithmic  group  as  well,  although  It  is  not  necessarily  the  case  that  the 
linguistic  and  spatial  representations  used  in  this  group  are  the  same  as  In 
Che  other  groups.  The  differences  In  patterns  of  results  throughout  the 
experiment.  In  fact,  suggest  that  they  may  well  be  different. 

A troubling  feature  of  these  data  and  the  previous  ones  is  the  possibility 
of  subjects  in  particular  groups  who,  for  one  reason  or  another,  did  not  follow 
the  Instructions  given  to  them.  Although  the  present  groupings  are  the  optimum 
ones  for  discovering  the  effects  of  training,  they  may  be  less  than  optimal  for 
discovering  various  properties  of  group  data  collected  from  subjects  using  a 
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single  model,  whichever  model  that  may  be.  In  order  to  investigate  these 
latter  kinds  of  properties,  subjects  were  regrouped  in  a way  that  would  greatly 
Increase  the  probability  of  a homogeneous  strategy  within  each  grouping. 

New  Groups 

Composition  of  new  groups  in  terms  of  old  groups.  Table  5 shows  the 

composition  of  the  new  groups  in  terms  of  the  memberships  of  the  old  groups. 

Subjects  were  assigned  to  new  groups  on  the  basis  of  individual  modeling  of 

their  latency  data  for  the  linear  syllogisms:  Each  subject  was  placed  in 

2 

a group  corresponding  to  the  strategy  for  which  his  or  her  individual  R was 
llghest.  Results  of  assignment  by  RMSD  were  almost  identical,  and  had  no  con- 
sequences for  interpretation  of  any  results. 

Insert  Table  5 about  here 

It  can  be  seen  that  each  original  group  had  at  least  some  subjects  best 
fit  by  each  of  the  models.  The  proportions  were  rather  different  for  the  un- 
trained and  visualization  groups  on  the  one  hand,  and  the  algorithmic  group 

j 

on  the  other.  A full  83%  of  the  subjects  in  the  untrained  and  visualization  j 

\ 

groups  were  best  fit  by  the  mixed  model.  These  results  are  reassuring  in 
that  they  indicate  that  the  group  data  fairly  represent  the  individual  data. 

i 

Although  there  are  some  individual  differences,  a large  majority  of  subjects  | 

1)  the  untrained  and  visualization  groups  do  indeed  use  the  mixed  model.  In  | 

the  algorithmic  group.  Just  under  half  of  the  subjects  were  best  fit  by  each  | 

i 

(f  the  algorithmic  and  mixed  models.  A smattering  of  subjects  were  best  fit  j 

by  each  of  the  other  two  models.  These  data  are  also  quite  consistent  with 
the  group  data,  although  the  linguistic  model  does  not  fare  as  well  at  the 
individual  level  as  at  the  group  level.  The  data  suggest  that  although 
algotithmic  training  greatly  increased  the  number  of  subjects  using  the  j 


I 
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algorithalc  model.  It  waa  by  no  means  successful  in  inducing  all  subjects  to 
use  the  algotitfanic  model. 

Group  means.  Group  means  for  each  of  the  new  groups  are  shown  in  Table  6. 

Insert  Table  6 about  here 

A one-way  analysis  of  variance  was  conducted  on  the  four  group  means  for  the 
three-term  series  problems  averaged  over  sessions.  These  means  differed  sig- 
nificantly from  each  other,  2(3,140)  - 2.76,  £ < .05.  None  of  the  Newman-Keuls 
follow-ups  were  significant,  however. 

Reliabilities.  Reliabilities  of  the  three-term  series  latencies  were 
quite  variable,  perhaps  in  part  because  of  the  widely  varying  numbers  of 
subjects  in  the  different  groups.  The  reliabilities  were  .96  for  the  mixed 
group,  .69  for  the  linguistic  group,  .78  for  the  spatial  group,  and  .84  for  the 
algorlthnlc  group. 

Hathematlcal  models.  The  mathematical  models  were  refit  to  the  group 
data  for  each  of  the  new  groups,  as  shown  in  Table  7.  Since  each  Individual 

Insert  Table  7 about  here 

subject  was  best  fit  by  the  model  designating  the  group  identification,  the 
expectation  was  that  the  group  data  for  each  new  group  would  be  best  fit  by  the 
model  best  fitting  each  of  the  Individual  subjects.  This  was  not  always  the 
ease,  however.  In  the  linguistic  group,  the  mixed  model  provided  a better  fit 
to  the  group  data  than  did  the  linguistic  model.  This  result  is  presumably  due 
to  high  variability  of  individual  parameter  estimates  for  the  linguistic  model, 
resulting  in  greater  difficulty  for  the  linguistic  model  than  for  the  mixed  model 
in  fitting  the  averaged  data. 

Correlations  between  solution  latencies  and  ability  factor  scores.  Table 
8 shows  correlations  between  solution  latencies  and  ability  factor  scores  for 
subjects  in  each  of  the  new  groups.  The  patterns  are  rather  striking,  and  in- 
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Insert  Table  8 about  here 

dlcate  a pronounced  aptitude-strategy  interaction  in  the  solution  of  the 
scries  problems.  Latencies  in  the  mixed  group  were  significantly  correlated 
with  both  verbal  and  spatial  factor  scores,  as  would  be  expected  from  the 
nature  of  the  mixed  model,  which  requires  formation  of  both  linguistic  and 
spatial  representations.  Latencies  in  the  linguistic  group  were  significantly 
correlated  with  verbal  ability  scores,  but  not  with  spatial  ability  scores. 

Latencies  in  the  spatial  group,  however,  were  uncorrelated  with  verbal  ability  scores, 
but  were  significantly  correlated  with  spatial  ability  scores.  Finally, 
latencies  in  the  algorithmic  group  were  significantly  (but  weakly)  correlated 
with  verbal  ability  scores,  but  only  marginally  correlated  with  spatial  ability 
scores.  The  reduced  correlations  with  the  verbal  ability  scores  are  consistent 
with  a model  in  which  superficial  verbal  processing,  possibly  only  at  the 
surface-structural  level,  is  required. 

These  correlations  are  of  interest  from  an  additional  point  of  view.  For 
the  mixed  model,  they  confirm  previous  correlational  findings  that  suggested 
the  use  of  both  linguistic  and  spatial  representations  in  the  solution  of  linear 
syllogisms.  For  the  other  models,  however,  they  provide  the  first  external 
validating  evidence  that  the  representations/^proponents  of  the  models  claim  sub- 
jects use  when  solving  series  problems  by  those  models  are  actually  used  by 
aibjects  in  solving  the  problems.  In  the  past,  arguments  of  this  kind  were 
made  on  the  basis  of  patterns  in  response  times.  Although  these  patterns  were 
potentially  helpful  in  deciding  upon  real-time  processes  used  by  subjects,  it 
has  never  been  clear  that  they  argued  persuasively  in  favor  of  one  or  another 
^presentation.  For  example,  the  fact  that  response  times  show  a pattern  indica- 
tive of  a marking  operation  does  not  argue  in  favor  of  one  kind  >of  representation 
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or  another  In  the  execution  of  that  operation.  As  It  happens,  the  linguistic 
BOdel  clalas  the  operation  acts  upon  a linguistic  representation;  the  spatial 

■odel  claims  the  operation  acts  upon  a spatial  representation;  and  the  mixed 

model  claims  the  operation  acts  upon  both  kinds  of  representations.  The  present 

data  suggest  that  the  kind  of  representation  used  Is  consistent  with  the  claims 

of  each  model  for  those  subjects  using  the  given  model. 

Discussion 

The  research  described  above  accomplished  its  major  goal — to  demonstrate 
an  aptitude-strategy  Interaction  in  linear  syllogistic  reasoning  whereby  dif- 
ferent strategies  for  solving  linear  syllogisms  draw  upon  different  abilities. 

The  optimum  strategy  for  solving  linear  syllogisms  depends  upon  one's  pattern 
of  abilities.  The  research  also  accomplished  three  subsidiary  goals.  First, 

It  demonstrated  that  It  Is  possible  to  train  subjects  either  to  use  a visual 
representation  for  premise  Information  or  an  algorithmic  strategy  for  solution. 

In  the  former  case,  a large  majority  of  subjects  use  a visual  representation 
spontaneously,  so  there  is  little  need  for  training.  Not  all  of  the  subjects 
adhered  to  the  Instructions  they  received,  and  further  training  might  be  neces- 
sary to  Increase  the  proportions  of  subjects  benefiting  from  the  Instruction 
presented  them.  Second,  it  was  found  that  one  particular  strategy  is  more  ef- 
ficient on  the  average  than  alternative  strategies  for  solving  linear  syllogisms. 
In  particular,  the  algorithmic  strategy  (Quinton  & Fellows,  1975)  results  in 
response  times  significantly  lower  than  those  obtained  under  any  of  the  alterna- 
tive strategies  considered  In  this  Investigation.  Third,  the  validity  of  the 
mixed  model  was  again  upheld  for  the  large  majority  of  untrained  subjects. 

By  correlating  parameter  estimates  for  Individual  subjects  with  ability 
factor  scores.  It  is  possible  to  localize  the  components  of  Information  proces- 
sing that  are  responsible  for  the  various  correlations  of  global  task  scores 


ApCltude-StraCcgy  Interaction 


19 

with  the  ability  scores.  Since  the  Individual  components  of  Information  pro> 
cessing  under  each  model  were  not  described  In  this  article,  these  correlations 
are  relegated  to  an  appendix. 

The  present  research  has  applied  the  methodology  of  componentlal  analysis 
(Sternberg,  1977b,  1978a,  1978b,  1978c,  1979)  to  the  Investigation  of  an 
aptitude-strategy  Interaction  In  linear-syllogistic  reasoning.  In  this  appli- 
cation, a number  of  other  Issues  have  been  dealt  with  as  well.  The  strength 
of  the  Interaction  suggests  the  possibility  that  previous  research  In  the 
aptitude-treatment  domain  may  have  failed  to  elicit  Interactions  because  of 
the  use  of  less  powerful  theoretical  and  methodological  techniques.  Componen- 
tlal  analysis  seems  to  hold  some  promise  as  an  analytic  tool  In  future  Inves- 
tigations of  aptitude-treatment  Interactions. 


Aptitude-Strategy  Interaction 
20 


Appendix 

Correlations  were  computed  between  parameter  estimates  for  Individual 
subjects  and  factor  scores  for  verbal  and  spatial  abilities.  These  correla- 
tions are  presented  In  Table  A. 

Insert  Table  A about  here 

Correlations  were  computed  In  two  different  ways.  First,  they  were  com- 
puted using  all  parameter  estimates  that  were  positive  (that  Is,  greater  than 
cro).  It  was  assumed  that  negative  and  zero  parameter  estimates  of  component 
duration  represented  error  of  measurement,  and  hence  such  estimates  were  treated 
as  missing  data.  Second,  the  correlations  were  computed  using  only  parameter 
estimates  significantly  positive  at  the  .05  level  of  significance.  Other  estimates 
were  treated  as  missing  data.  This  stricter  criterion  for  Inclusion  Increases 
the  probability  that  each  estimate  Included  In  the  correlational  analysis  Is 
psychologically  (as  well  as  statistically)  meaningful.  This  dual  correlational 
procedure  was  previously  employed  by  Sternberg  (In  press-b). 

According  to  the  mixed  model,  encoding  and  marking  should  be  correlated 
with  both  verbal  and  spatial  scores;  negation,  pivot  search,  and  response  search 
should  be  correlated  with  spatial  scores;  and  noncongruence  should  be  correlated 
with  verbal  scores.  In  fact,  the  data  came  close  to  showing  Just  these 

patterns.  Only  negation  failed  to  behave  as  predicted.  According  to  the 
linguistic  model,  all  parameter  estimates  should  be  correlated  with  verbal 
scores,  and  none  with  spatial  scores.  Harking,  negation,  and  noncongruence 
were  In  fact  correlated  with  verbal  scores  (for  the  first  set  of  correlations), 
Athough  marking  was  correlated  with  spatial  scores  as  well.  Encoding  and 
pivot  search  were  not  significantly  correlated  with  either  kind  of  factor  score. 
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ifccording  to  the  spatial  model,  each  parameter  should  be  correlated  with  spatial 
scores;  encoding  may  also  be  correlated  with  verbal  scores.  In  fact,  both 
marking  and  pivot  search  were  correlated  with  the  spatial  scores  (for  the 
first  set  of  correlations).  The  other  parameters  were  not  correlated  with 
either  factor  score.  Predictions  for  the  algorithmic  model  are  less  clear, 
although  to  the  extent  any  correlations  are  obtained  at  all,  one  would  prob- 
ably expect  them  to  be  with  verbal  rather  than  spatial  scores.  Since  only 
surface-structural  properties  of  the  premises  are  used,  however,  even  the 
correlations  with  verbal  tests  might  be  expected  to  be  weak.  Only  marking 
ws  correlated  with  any  of  the  scores,  and  it  was  correlated  with  both 
abilities  (in  the  first  set  of  correlations). 

Given  the  unreliability  of  individual  parameter  estimates,  these  corre- 
lations are  viewed  as  generally  supportive  of  the  models  for  which  they  were 
computed.  Only  two  significant  correlations  were  obtained  that  were  contrary 
to  model  predictions.  Both  of  these  were  for  marking.  The  nonsignificant 
correlations,  of  course,  might  be  due  to  error  in  the  predictions  of  the  models, 
or  to  unreliability  of  parameter  estimates  for  individual  subjects. 
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Footnotes 
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Naval  Research  to  Robert  J.  Sternberg.  Portions  of  this  article  were  pre- 
sented at  the  ONR  Contractors'  Conference,  New  Orleans,  1979,  and  at  the 
annual  meeting  of  the  American  Educational  Research  Association,  San  Fran- 
cisco, 1979.  We  are  grateful  to  Elizabeth  Charles  for  assistance  In  testing 
subjects  and  In  data  analysis,  to  Barbara  Conway  for  assistance  In  data 
analysis,  and  to  Janet  Powell  for  comments  on  the  manuscript.  Requests 
for  reprints  should  be  addressed  to  Robert  J.  Sternberg,  Department  of 
Psychology,  Tale  University,  Box  llA  Yale  Station,  New  Haven,  Connecticut  06520. 

^The  unmarked  form  of  an  adjective  Is  the  positive  form,  usually  used  to 
name  the  scale  (e.g.,  taller,  better,  faster) ; the  marked  for  Is  the  negative 

form,  usually  used  In  a contrastive  sense  (e.g.,  shorter,  worse,  slower) . 

2 

This  strategy  works  for  any  linear  syllogism  that  Is  completely  deter- 
minate with  respect  to  the  placement  of  each  term  In  the  array.  It  does 
not  work  for  so-called  "Indeterminate"  linear  syllogisms,  e.g.,  "John  Is 
taller  than  Pete.  John  is  taller  than  Bill.  Who  Is  tallest  (shortest)? 

John,  Bill,  Pete."  No  Indeterminate  probleteb  were  used  In  this  experiment, 
and  the  Inability  of  the  strategy  to  yield  a correct  answer  to  such  problems 
was  not  mentioned. 

^ Mean  error  rates  were  1.7Z  In  the  untrained  group,  2.0Z  In  the  visually 
trained  group,  and  3.5Z  In  the  algorithmic  group.  The  greater  speed  of  the 
algorlthnlcally-tralned  subjects  was  thus  bought  at  the  expense  of  some  accuracy. 
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Table  1 

Mean  Solution  Latencies: 
Original  Groups 


Untrained 

Visualization 

Algorithmic 

3-Tera  Series 

7.03 

7.18 

4.51 

Session  1 

7.45 

7.58 

4.90 

Session  2 

6.81 

7.09 

4.38 

Session  3 

6.84 

6.89 

4.28 

2-  & 3-Tem  Series 

6.30 

6.46 

4.19 

Note;  Latencies  are  expressed  in  seconds 
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Table  2 

Xntercorrelations  between  and  Reliabilities  of  Solution  Latencies 

for  Linear  Syllogisms 


Untrained  Visualization  Algorithmic 

Reliability' 

Untrained 

1.00  .94 

.81 

.91 

Visualization 

1.00 

.79 

.92 

Algorithmic 

1.00 

.91 

Note:  Correlations  are  across  32  item  types. 

^Reliability  is  of  the  internal-consistency  type  (coefficient  alpha) . 
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Table  3 


Fits  of 

Models 

to  Latency  Data: 

Original  Groups 

Mixed 

Model 

Linguistic  Model 

Spatial  Model 

r" 

RMSD 

R^ 

RMSD 

r2 

RMSD 

Untrained 

3-Term  Series 

.82 

.64 

• 56 

.66 

• 55 

Session  1 

.75 

.46 

.55 

•Ai 

.53 

•Ai 

Session  2 

.75 

•Ai 

.61 

• 51 

.60 

•A2 

Session  3 

.65 

.50 

.57 

• 55 

.61 

• 53 

2-  & 3-Term  Series 

.95 

•ii 

.91 

•52 

.92 

• 51 

Visualization 

3-Term  Series 

.81 

.50 

.65 

•il 

.65 

•AI 

Session  1 

.80 

.67 

.57 

.71 

•54 

Session  2 

.79 

.62 

•58 

.57 

•AL 

Session  3 

.79 

.40 

.61 

•55 

.59 

• 56 

2-  & 3-Term  Series 

.93 

•A® 

.88 

•ii 

.89 

•Al 

Algorithmic 

3-Term  Series 

.73 

.22 

.73 

• 22 

.54 

• 28 

Session  1 

.66 

•24 

.66 

• 24 

.51 

•29 

Session  2 

.63 

.22 

.62 

•22 

.40 

• 28 

Session  3 

.64 

•21 

.63 

• 22 

.49 

.26 

2-  & 3-Term  Series 

.93 

• 21 

.93 

• 21 

.87 

• 28 

I 

I 


/ 


Algorithmic  Model 
RMSD 

.59  .61 

.48  .jM 
.58 

.58  .55 

.90 

.53  .21 

.56  .66 

.47 

.54  .60 

.85  .22 

.72  .22 

.69  .23 
.66  .21 
.67  .21 


.87  .28 
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Table  4 

Correlations  between  Solution  Latencies  and  Ability  Factor  Scores: 

Task  Scores  for  Original  Groups 

Verbal  Spatial 


Uninstructed  Group 


3-Tenn  Series 

-.47*** 

-.43*** 

Session  1 

-.47*** 

-.45*** 

Session  2 

-.48*** 

-.46*** 

Session  3 

-.40** 

-.34** 

2-  & 3-Term  Series 

-.47*** 

-.44*e* 

Visualization  Group 

3-Term  Series 

-.49*** 

0 

e 

1 

Session  1 

-.48*** 

-.36** 

Session  2 

-.54*** 

-.27* 

Session  3 

-.40** 

-.25* 

2-  & 3-Term  Series 

-.50*** 

-.29* 

Algorithmic  Group 

3-Term  Series 

-.38** 

1 

• 

o 

Session  1 

-.36** 

-.38** 

Session  2 

-.33* 

-.28* 

Session  3 

-.41** 

-.20 

2-  & 3-Term  Series 

-.41** 

-.30* 

*£  <.05 
**£  <.0l 
***£  <.001 


KSM*. 
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Table  5 


Numbers  of  Subjects  in  Bach  of  Original  Groups 
Resorted  into  Each  of  New  Groups 


Untrained 

Mixed 

30 

Original 

Visualization 

30 

Group 

Algorithmic 

22 

TOTAL 

82 

Linguistic 

Spatial 

Algorithmic 

TOTAL 

7 

5 

6 

48 

7 

6 

5 

48 

1 

4 

21 

48 

15 

15 

32 

144 
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Table  6 

Mean  Solution  Latencies: 
Ncv  Groups 


Mixed 

Linguistic 

Spatial 

Algorithmic 

3-Term  Series 

6.30 

7.09 

6.94 

5.36 

Session  1 

6.76 

7.47 

7.24 

5.66 

Session  2 

6.10 

6.99 

6.79 

5.30 

Session  3 

6.06 

6.74 

6.79 

5.14 

2-  & 3-Term  Series 

5.69 

6.37 

6.26 

4.91 

Note:  Latencies  are  expressed  In  seconds. 


f 


h 
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Table  7 

Fits  of  Models  to  Latency  Data: 
New  Groups 


Mixed 

Model 

Linguistic  Model 

Spatial  Model 

Algorithmic  M 

RMSD 

RMSD 

RMSD 

RMSD 

Mixed  Group 

3-Term  Series 

.88 

.26 

.63 

•11 

.60 

•IZ. 

.57 

Session  1 

.87 

.66 

.63 

.59 

Session  2 

.83 

.60 

.52 

.54 

Session  3 

.81 

.60 

.55 

.58 

2—  & 3— Term 

.96 

.26 

.91 

•11 

.90 

•ii 

.90 

Linguistic  Group 

3-Term  Series 

.74 

•ii 

.68 

•11 

.67 

•li 

.54  .63 

Session  1 

.65 

.58 

.56 

.50 

Session  2 

.58 

.55 

.53 

.41 

Session  3 

.50 

.40 

.44 

.31 

2-  & 3-Term 

.92 

•A2. 

.91 

•11 

.90 

•11 

.87  .W 

Spatial  Group 

3-Term  Series 

.60 

•ii 

.53 

•11 

.68 

•M 

.36  .66 

Session  1 

.48 

.38 

.47 

.25 

Session  2 

.45 

.42 

.53 

.32 

Session  3 

.49 

.46 

.56 

.34 

2-  & 3-Term 

.88 

•11 

.87 

•16 

.91 

•11 

.84 

Algorithmic  Group 

3-Term  Series 

.63 

.32 

.62 

•11 

.56 

.35 

.74  .27 

Session  1 

.50 

.50 

.46 

.58 

Session  2 

.52 

.50 

.43 

.65 

Session  3 

.55 

.53 

.48 

.60 

2-  4 3-Term 

.92 

.30 

.91 

• 31 

.89 

•11 

.94  .M 

1 
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Table  8 


Correlations  between  Solution  Latencies  and  Ability  Factor  Scores 
' Task  Scores  for  New  Groups 

Verbal  Spatial 

Mixed  Model  Group 

3-Term  Series 

-.45*** 

-.27** 

Session  1 

-.43*** 

-.32** 

Session  2 

-.44*** 

-.25** 

Session  3 

..37*** 

-.17 

2-  & 3-Term  Series 

-.47*** 

-.27** 

Linguistic  Model  Group 

3-Term  Series 

-.76*** 

-.28 

Session  1 

-.79*** 

1 

• 

o 

Session  2 

-.75*** 

-.29 

Session  3 

-.70** 

-.23 

2-  & 3-Term  Series 

-.76*** 

-.29 

Spatial  Model  Group 

3-Term  Series 

-.08 

-.61** 

Session  1 

-.16 

-.62** 

Session  2 

-.29 

-.60** 

Session  3 

-.15 

-.71** 

2-  & 3-Term  Series 

-.08 

-.60** 

Algorithmic  Model  Group 

3-Term  Series 

-.32* 

-.28 

Session  1 

».30* 

-.31* 

Session  2 

-.29* 

-.31* 

Session  3 

-.33* 

-.19 

2-  & 3-Term  Series 

-.33* 

-.28 

*£  <.05 
<.0l 

***£  <.001 
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Table  A 

Correlations  between  Solution  Latencies  and  Ability  Factor  Scores: 
Conponent  Scores  for  New  Groups 


Positive 

Verbal 

Scores 

Spatial 

Significant  Scores 

Verbal  Spatial 

Mixed  Model  Group 

Encoding 

-.27** 

-.20* 

-.29** 

-.26** 

Marking 

-.24* 

-.30** 

-.49** 

-.44* 

Negation 

-.20 

-.11 

-.10 

.07 

Pivot  Search  (Mixed) 

.01 

-.26* 

-.26 

-.39* 

Response  Search 

-.20 

-.22* 

.03 

-.45** 

Noncongruence 

-.21* 

-.09 

-.64** 

-.04 

Linguistic  Model  Group 

Encoding 

.05 

.04 

.05 

.04 

Marking 

-.72** 

-.36* 

-.60 

.03 

Negation 

-.71** 

-.12 

-.18 

-.26 

Pivot  Search  (Linguistic) 

.13 

-.60 

.59 

-.63 

Noncongruence 

-.73** 

-.29 

-.93* 

-.51 

Spatial  Model  Group 

Encoding 

-.19 

-.38 

-.25 

-.42 

Narking 

-.17 

-.44* 

— 

— 

Negation 

.00 

.00 

-.02 

-.61 

Pivot  Search  (Spatial) 

-.04 

-.71** 

-.05 

-.75** 

Serlatlon 

-.09 

-.30 

— 

— 

Algorithmic  Model  Group 

Encoding 

-.22 

-.27 

-.22 

-.27 

Marking 

-.35* 

-.37* 

.17 

-.77 

Negation 

-.06 

-.14 

-.21 

-.45* 

Location 

-.10 

-.31 

.36 

-1.00*** 

Noncongruence 

Note:  Numbers  of  eases  vary 

.20  .08  .23 

from  one  correlation  to  another. 

■^.08 

‘parameters  significant  at  £ < *05 


*£<  .05 
**£  < .01 
***£  < .001 
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1 DR.  PAT  FEDERICO 

KAVY  PERSONNEL  RAD  CENTER 
SAN  DIEGO,  CA  92152 

1 CDR  John  Ferguson,  MSC,  USN 

Naval  Medical  RAD  Command  (Code  kk) 
National  Naval  Medical  Center 
Bethesda,  KD  2001^1 

1 Dr.  John  Ford 

Kavy  Personnel  RAD  Center 
San  Diego,  CA  92152 

1 Dr.  Richard  Gibson 

Bureau  of  Medeclne  and  Surgery 
Code  513 
Navy  Department 
Washington,  DC  20372 


1 CAPT.  D.M.  GRAGG,  MC,  USN 

HEAD,  SECTION  ON  MEDICAL  EDUCATION 
UNIFORMED  SERVICES  UNIV.  OF  THE 
HEALTH  SCIENCES 
6917  "ARLINGTON  ROAD 
BETHESDA,  MD  200 1i» 

1 LT  Steven  D.  Harris,  MSC,  USN 
Code  6041 

Human  Factors  Engineering  Division 
Crew  Systems  Department 
Naval  Air  Development  Center 
Warminster,  Pennsylvania  18974 

1 CDR  Wade  Helm 

PAC  Missile  Test  Center 
Point  Mugu,  CA  93041 

1 LCDR  Charles  W.  Hutchins 
Naval  Air  Systems  Command 
444  Jefferson  Plaza  A 1 
1411  Jefferson  Davis  Highway 
Arlington,  VA  20360 

1 CDR  Robert  S.  Kennedy 

Naval  Aerospace  Medical  and 
Research  Lab 
Box  29407 

New  Orleans,  LA  70189 

1 Dr.  Norman  J.  Kerr 

Chief  of  Naval  Technical  Training 
Naval  Air  Station  Memphis  (75) 
Millington,  TN  38054 

1 Dr.  Leonard  Kroekcr 

Navy  Personnel  RAD  Center 
San  Diego,  CA  92152 

1 CHAIRMAN,  LEADERSHIP  A LAV  DEPT. 
DIV.  OF  PROFESSIONAL  DEVELOPmMENT 
U.S.  NAVAL  ACADEMYY 
ANNAPOLIS,  MD  21402 

1 Or.  William  L.  Maloy 

Principal  Civilian  Advisor  for 
Education  and  Training 
Naval  Training  Command,  Code  OOA 
Pensacola , FL  32506 
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Navy 


CAPT  Richard  L.  Martin 
USS  Francis  Marion  (LPA-Ztg) 
FPC  Nev  York,  NY  09501 

Dr.  Janes  McBride 
Code  301 

Navy  Personnel  R4D  Center 
San  Diego,  CA  92152 

Dr.  Janes  McGrath 

Navy  Personnel  RAD  Center 

Code  306 

San  Diego,  CA  52152 

Dh.  WILLIAM  MONTAGUE 
LFDC 

UNIVERSITY  OF  PITTSBURG! 

3939  O'KARA  STREET 
PITTSEURGr,  PA  15213 

Commandins  Officer 
Naval  Health  Research 
Center 

Attn:  Library 

San  Diego,  CA  92152 

Naval  Medical  RAD  Command 
Code  AA 

National  Naval  Medical  Center 
Bethesda,  HD  200 1H 

CAPT  Paul  Nelson,  USN 
Chief,  Medical  Service  Corps 
Code  7 

Bureau  of  Medicine  A Surgery 
U.  S.  Department  of  the  Navy 
Washington,  DC  20372 

Library 

Navy  Personnel  RAD  Center 
San  Diego,  CA  52152 

Commanding  Officer 
Naval  Research  Laboratory 
Code  2627 

Washington,  DC  20390 


Navy 


JOHN  OLSEN 

CHIEF  OF  NAVAL  EDUCATION  A 
TRAINING  SUPPORT 
PENSACOLA,  FL  52509 

Psychologist 
ONR  Branch  Office 
M95  Summer  Street 
Boston,  MA  02210 

Psychologist 
ONR  Branch  Office 
536  S.  Clark  Street 
Chicago,  JL  60605 

Office  of  Naval  Research 
Code  U37 

800  N.  Quincy  SStreet 
Arlington,  VA.  22217 

Office  of  Naval  Research 
Code  Ui»l 

800  N.  Quincy  Street 
Arlington,  VA  22217 

Personnel  & Training  Research  Programs 
(Code  USB) 

Office  of  Naval  Research 
Arlington,  VA  22217 

Psychologist 

OFFICE  OF  NAVAL  RESEARCH  BRANCH 
223  OLD  MARYLEBOHE  ROAD 
LONDON,  NW,  15TH  ENGLAND 

Psychologist 
ONR  Branch  Office 
1030  East  Green  Street 
Pasadena,  CA  91101 

Scientific  Director 

Office  of  Naval  Research 

Scientific  Liaison  Group/Tokyo 

American  Embassy 

APO  San  Francisco,  CA  96505 
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Navy 


Navy 


1 Office  of  the  Chief  of  Naval  Operations 
Research,  Development,  and  Studies  branc 
(OP-102) 

Washington,  DC  20350 

1 Scientific  Advisor  to  the  Chief  of 
Naval  Personnel  (Pers-Or) 

Naval  bureau  of  Personnel 
Root.  ltH10,  Arlington  Annex 
Washington,  DC  20570 

1 LT  Frank  C.  Petho,  KSC,  USNR  (Ph.D) 

Code  L5’ 

Naval  Aerospace  Medical  Research  Laborat 
Pensacola , FL  52503 

1 DR.  RICHARD  A.  POLLAK 

ACADEMIC  COMPUTING  CENTER 
U.S.  NAVAL  ACADEMY 
ANNAPOLIS,  MD  211402 


1 Mr.  Robert  Smith 

Office  of  Chief  of  Naval  Operations 
OP-987E 

Washington,  DC  20350 

1 Dr.  Alfred  F.  Smode 

Training  Analysis  & Evaluation  Group 
(TAEG) 

Dept,  of  the  Navy 
Orlando,  FL  32813 

1 CDR  Charles  J.  Theisen,  JR.  KSC,  USN 
Head  Human  Factors  Engineering  Div. 
Naval  Air  Development  Center 
Warminster,  PA  1897H 

1 W.  Gary  Thomson 

Naval  Ocean  Systems  Center 
Code  7132 

San  Diego,  CA  92152 


1 Roger  W.  Remington,  Ph.D 
Code  L52 
NAMRL 

Pensacola , FL  32506 

1 Dr.  Bernard  Rimland 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1 Mr.  Arnold  Rubenstein 

Naval  Personnel  Support  Technology 
Naval  Material  Command  (08T2l*ii) 

Room  101*14,  Crystal  Plaza  <15 
2221  Jefferson  Davis  Highway 
Arlington,  VA  20360 

1 Dr.  Worth  Scanland 

Chief  of  Naval  Education  and  Training 
Code  N-5 

NAS,  Pensacola,  FL  32506 


1 Dr.  Ronald  Weltzman 

Department  of  Administrative  Sciences 
U.  S.  Naval  Postgraduate  School 
Monterey,  CA  9391*0 

1 DR.  MARTIN  F.  WISKOFF 

NAVY  PERSONNEL  R&  D CENTER 
SAN  DIEGO,  CA  92152 


1 A.  A.  SJOHOLK 

TECH.  SUPPORT,  CODE  201 
NAVY  PERSONNEL  R&  D CENTER 
SAN  DIEGO,  CA  92152 
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Technical  Director 

U.  S.  Army  Research  Institute  for  the 
Behavioral  and  Social  Sciences 
50C1  Eisenhower  Avenue 
Alexandria,  VA  22333 

HC  USAPEUE  & 7th  Army 
ODCSCPS 

USAAREUE  Director  of  GED 
APC  New  York  09^03 

DR.  RALPH  CANTER 
U.S.  ARKY  RESEARCH  INSTITUTE 
50C1  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  2233? 

DR.  RALPH  DUSEK 
U.S.  ARMY  RESEARCH  INSTITUTE 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22353 

Dr.  Myron  Fischl 

U.S.  Army  Research  Institute  for  the 
Social  and  Behavioral  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Dr.  Ed  Johnson 

Army  Research  Institute 

50C1  Eisenhower  Blvd. 

Alexandria,  VA  22333 
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Army 


Dr.  Harold  F.  O'Neil,  Jr. 
ATTN;  PERI -OK 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

Dr.  Frederick  Steinheiser 
U.  S.  Army  Reserch  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Dr.  Joseph  Ward 
U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


1 Dr.  Michael  Kaplan 

U.S.  ARMY  RESEARCH  INSTITUTE 
5001  EISEK'HCWE?  AVENUE 
ALEXANDRIA,  VA  22533 

1 Dr.  Milton  S.  Katz 

Individual  Training  & Skill 
Evaluation  Technical  Area 
U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria , VA  22333 

1 Dr.  Beatrice  J.  Farr 

Army  Research  Institute  (PERI  OK) 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 
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1 Air  Force  Hxinan  Resources  Lab 
AFHRL/PED 

Brooks  AFB,  TX  78235 

1 Air  University  Library 
AUL/LSE  76/4JI3 
Maxwell  AFB,  AL  Bf-HZ 

1 Dr.  Pnilip  De  Leo 
AFHRL/TT 

Lowry  AFB,  CC  £0230 

1 CCR.  MERCER 

CNET  LIAISO?;  OFFICER 
ArHRL/FLYIKG  TRAINING  LTV. 
WILLIAMS  AFB,  AZ  8522li 

1 Dr.  Ross  L.  Morgan  (AFHRL/ASfi) 
Wright  -Patterson  AFB 
Ohio  liSUiB 

1 Dr.  Roger  Pennell 
AFHRL/TT 

Lowry  AFB,  CO  8C230 

1 Personnel  Analysis  Division 
HC  USAF/DPXXA 
Washington,  DC  20330 
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Air  Force 


Brian  K.  Waters,  LCOL,  USAF 
Air  University 
Maxwell  AFB 
Montgomery,  AL  36112 


1 Research  Branch 
AFMPC/DPKYP 

Rancolph  AFB,  TX  7c US 

1 Dr.  Malcoltt  Ree 
AFKRL/PED 

Brooks  AFB,  TX  78235 

1 Dr.  Marty  Rockway  (AFHRL/TT) 
Lovn'y  AFB 
Colorado  80230 


Jack  A.  Tnorpe , Capt,  USAF 
Program  Manager 
Life  Sciences  Directorate 
AFOSR 

Bolling  AFB,  DC  20332 
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Marines 


1 MCDEC 

Ouantico  Marine  Corps  Base 
Quantico,  VA  2213** 

1 DR.  A.L.  SLAFKOSKY 

SCIENTIFIC  ADVISOR  (CODE  RD-1) 
HC,  U.S.  MARINE  CORPS 
WASHINGTON,  DC  20360 


CoastGuard 


1 Mr.  Richard  Lanterman 

PSYCHOLOGICAL  RESEARCH  (G-P-1/62) 
U.S.  COAST  GUARD  HC 
WASHINGTON,  DC  20590 

1 Dr.  Thomas  Warm 

U.  S.  Coast  Guard  Institute 
P.  0.  Substation  16 
Oklahoma  City,  OK  73169 
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1 Dr . Stephen  Andriole 

ADVANCED  RESEARCH  PROJECTS  AGENCY 
liiOO  WILSON  BLVD. 

ARLINGTON , VA  22209 

12  Defense  Docunentation  Center 
Cameron  Station,  Bldg.  5 
Alexandria,  VA  2231^ 

Attn:  TC 

1 Dr.  Dexter  Fletcher 

ADVANCED  RESEARCH  PROJECTS  AGENCY 
1400  WILSON  BLVD. 

ARLINGTON,  VA  22209 

1 Dr.  William  Graham 
Testing  Directorate 
MEPCCK 

Ft.  Sheridan,  IL  60037 

1 Military  Assistant  for  Training  and 
Personnel  Technology 

Office  of  the  Under  Secretary  of  Defense 
for  Research  4 Engineering 
Room  3D125,  The  Pentagon 
Washington,  DC  20301 

1 MAJOR  Wayne  Sellman,  USAF 

Office  of  the  Assistant  Secretary 
of  Defense  (MRA4L) 

3E930  The  Pentagon 
Washington,  DC  20?01 
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Civil  Govt 


1 Dr.  Susan  Chipman 
Basic  Skills  Program 
National  Institute  of  Education 
1200  19th  Street  NW 
Washington , DC  20206 

1 Dr.  William  Gorham,  Director 
Personnel  RAD  Center 
U.S.  Civil  Service  Commission 
1900  E Street  NW 
Wa  sh ing  ton , DC  20415 

1 Dr.  Joseph  I.  Lipson 

Division  of  Science  Education 
Room  W-636 

National  Science  Foundation 
Washington,  DC  20550 

1 Dr.  Joseph  Markowitz 

Office  of  Research  and  Development 
Central  Intelligence  Agency 
Washington,  DC  20205 

1 Dr.  John  Mays 

National  Institute  of  Education 
1200  19th  Street  NW’ 

Washington,  DC  20208 

1 Dr.  Arthur  Melmed 

National  Intitute  of  Education 
1200  19th  Street  NW’ 

Washington,  DC  20208 

1 Dr.  Andrew  R.  Molnar 
Science  Education  Dev. 
and  Research 

National  Science  Foundation 
Washington,  DC  20550 

1 Or.  H.  Wallace  Sinaiko 
Program  Director 

Manpower  Research  and  Advisory  Services 
Smithsonian  Institution 
801  North  Pitt  Street 
Alexandria,  VA  22314 
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Civil  Govt 


1 Dr.  Thomas  G.  Sticht 
Basic  Skills  Program 
National  Institute  of  Education 
1200  I 9th  Street  NW 
Washington , DC  20206 

1 Dr.  Joseph  L.  Young,  Director 
Memory  4 Cognitive  Processes 
National  Science  Foundation 
Washington , DC  20550 


Non  Govt 


1 Dr.  Earl  A.  Alluisi 
HQ,  AFHRL  (AFSC) 

Brooks  AFE,  TX  78235 

1 Dr.  John  R.  Anderson 

Department  of  Psychology 
Carnegie  Mellon  U^.iversity 
Pittsburgh,  PA  15213 

1 DR.  MICHAEL  ATWOOD 

SCIENCE  APPLICATIONS  INSTITUTE 
MO  DENVER  TECH.  CENTER  WEST 
7935  E.  PRENTICE  AVENUE 
ENGLEWOOD,  CO  60110 

1 1 psychological  research  unit 

Dept,  of  Defense  (Army  Office) 
Campbell  Park  Offices 
Canberra  ACT  2600,  Australia 

1 Dr.  Alan  Bad del ey 

Medical  Research  Council 

Applied  Psychology  Unit 
15  Chaucer  Road 
Cambridge  CB2  2EF 
ENGLAND 

1 Dr.  Isaac  Be jar 

Educational  Testing  Service 
Princeton,  NJ  08U50 

1 Dr.  Nicholas  A.  Bond 
Dept,  of  Psychology 
Sacramento  State  College 
600  Jay  Street 
Sacramento,  CA  95619 

1 Dr.  Lyle  Bourne 

Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  80302 

1 Dr.  Robert  Brennan 

American  College  Testing  Programs 

P.  0.  Box  168 

Iowa  City,  lA  522M0 
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1 Dr.  John  S.  Brown 

XEROX  Palo  Alto  Research  Center 
3333  Coyote  Road 
Paio  Alto,  CA  9«30A 

1 DR.  C.  VICTOR  BUNDERSON 
. WICAT  INC. 

UNIVERSITY  PLAZA,  SUITS  10 
1160  SO.  STATE  ST. 

OREM,  UT  81(057 

1 Dr.  John  E.  Carroll 
Psychometric  Lab 
Univ.  of  No.  Carolina 
Davie  Hall  013A 
Chapel  Hill,  KC  2751M 

1 Dr.  William  Chase 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  1521? 

1 Dr.  Micheline  Chi 

Learning  R & D Center 
University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  1521? 


Non  Govt 


1 Dr.  Meredith  Crawford 

Department  of  Engineering  Administration 
George  Washington  University 
Suite  805 

2101  L Street  N.  W. 

Washington,  DC  20037 

1 Dr.  Ruth  Day 

Center  for  Advanced  Study 
in  Behavioral  Sciences 
202  Junipero  Serra  Blvd. 

Stanford,  CA  9'»305 

1 Dr.  Hubert  Dreyfus 

Department  of  Philosophy 
University  of  California 
Berkely,  CA  9H720 

1 Dr.  Marvin  D.  Dunnette 
Ni(92  Elliott  Hall 
Dept,  of  Psychology 
Univ.  of  Minnesota 
Minneapolis,  MN  55^55 

1 ERIC  Facility-Acquisitions 
U835  Rugby  Avenue 
Bethesda,  MD  20014 


i 1 Dr.  John  Chiorini 
■ Litton-Mellonics 
Box  1286 

Springfield,  VA  22151 


MAJOR  I.  N.  EVONIC 

CANADIAN  FORCES  PERS.  APPLIED  RESEARCH 
1107  AVENUE  ROAD 
TORONTO,  ONTARIO,  CANADA 


1 Dr.  Kenneth  E.  Clark 

College  of  Arts  & Sciences 
University  of  Rochester 
River  Campus  Station 
Rochester,  NY  14627 

1 Dr.  Norman  Cliff 
Dept,  of  Psychology 
'Univ.  of  So.  California 
University  Park 
Los  Angeles,  CA  90007 

1 Dr.  Allan  M.  Collins 

Bolt  Eeranek  & Newman , Inc. 
50  Moulton  Street 
Cambridge,  Ma  0213S 


1 Dr.  Ed  Feigenbaum 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  94305 

1 Dr.  Richard  L.  Ferguson 

The  American  College  Testing  Program 

P.O.  Box  16C 

Iowa  City,  lA  52240 

1 Dr.  Victor  Fields 
Dept,  of  Psychology 
Montgomery  College 
Rockville,  MD  20650 
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Non  Govt 


1 Dr.  Edvln  A.  Flelshoar 

Advanced  Research  Resources  Organ. 
Suite  900 

*•3-0  East  West  Highway 
Washington,  DC  20014 

1 Dr.  John  R.  Frederiksen 
Bolt  Beranek  & Newman 
50  Moulton  Street 
Cambridge,  MA  021?f 

1 DR.  ROBERT  GLASER 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 

1 Dr.  Ira  Goldstein 

XEROX  Palo  Alto  Research  Center 
3333  Coyote  Road 
Palo  Alto,  CA  94304 

1 DR.  JAKES  G.  GREENO 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 

1 Dr.  Ron  Kanbleton 
School  of  Education 
University  of  Kassechusetts 
Amherst,  MA  01002 

1 Dr.  Barbara  Hayes-Roth 
The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  CA  90406 

1 Dr.  Frederick  Kayes-Roth 
The  Rand  Corporation 
170C  Main  Street 
Santa  Monica,  CA  90406 

1 Dr.  James  R.  Hofftnan 

Department  of  Psychology 
University  of  Delaware 
Newark,  DE  19711 


Non  Govt 


1 Dr.  Lloyd  Humphreys 

Department  of  Psychology 
University  of  Illinois 
Champaign,  IL  61620 

1 Library 

NumRRO/Western  Division 
27857  Berwick  Drive 
Carmel,  CA  93921 

1 Dr.  Earl  Hunt 

Dept,  of  Psychology 
University  of  Washington 
Seattle,  WA  98105 

1 Mr.  Gary  Irving 

Data  Sciences  Division 
Technology  Services  Corporation 
2811  Wilshlre  Blvd. 

Santa  Monica  CA  90403 

1 Dr.  Steven  W.  Keele 
Dept,  of  Psychology 
University  of  Oregon 
Eugene,  OR  97403 

1 Dr.  Walter  Kintsch 

Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  80302 

1 Dr.  David  Kieras 

Department  of  Psychology 
University  of  Arizona 
Tuscon,  A2  85721 

1 Mr.  Marlin  Kroger 
1117  Via  Goleta 

Palos  Verdes  Estates,  CA  90274 

1 LCOL.  C.R.J.  LAFLEUR 
PERSONNEL  APPLIED  RESEARCH 
NATIONAL  DEFENSE  HOS 
101  COLONEL  BY  DRIVE 
OTTAWA,  CANADA  K1A  0K2 
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1 Dr.  Jill  Larkin 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1 Dr.  Alan  Lesgold 
Learning  FID  Center 
University  of  Pittsburgh 
Pittsburgh,  PA  15260 

1 Dr.  Robert  Linn 

College  of  Education 
University  of  Illinois 
Urbane,  IL  6l801 

1 Dr.  Frederick  M.  Lord 

Educational  Testing  Service 
Princeton,  NJ  035^0 

1 Dr.  Robert  R.  Kackie 

Huoan  Factors  Research,  Inc. 
6780  Cortona  Drive 
Santa  Barbara  Research  Pk. 
Goieta,  CA  93017 

1 Dr.  Richard  fc.  Killward 
Dept,  of  Psychology 
Hunter  Lab. 

Brown  University 
Providence,  fil  c2912 

1 Dr.  Allen  Kunro 

Univ.  of  So.  California 
Behavioral  Technology  Labs 
3717  South  Hope  Street 
Los  Angeles,  CA  90007 

1 Dr.  Donald  A Norman 

Dept,  of  Psychology  C-009 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 

1 Dr.  Melvin  R.  Novlck 
Iowa  Testing  Programs 
University  of  Iowa 
leva  City,  lA  522U2 
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1 Dr.  Jesse  Orlansky 

Institute  for  Defense  Analysis 
kOO  Army  Navy  Drive 
Arlington,  VA  22202 

1 Dr.  Robert  Pachella 

Department  of  Psychology 
Human  Performance  Center 
330  Packard  Road 
Ann  Arbor,  MI  kSiok 

1 Dr.  Seymour  A.  Papert 

Massachusetts  Institute  of  Technology 
Artificial  Intelligence  Lab 
5k5  Technology  Square 
Cambridge,  MA  021?9 

1 Dr.  James  A.  Paulson 

Portland  State  University 
P.O.  Box  751 
Portland,  OR  97207 

1 MR.  LUIGI  PETRULLC 

2k31  N.  EDGEWOOD  STREET 
ARLINGTON,  VA  22207 

1 DR.  STEVEN  M.  PINE 
k950  Douglas  Avenue 
Golden  Valley,  MN  55k 1 6 

1 DR.  PETER  POLSON 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  COLORADO 
BOULDER,  CO  80302 

1 DR.  DIANE  M.  RAMSEY -KLEE 

R-K  RESEARCH  & SYSTEM  DESIGN 
39k7  RIDGEMONT  DRIVE 
MALIBU,  CA  90265 

1 MIN.  RET.  M.  RAUCH 
P II  k 

BUNDESMINISTERIUM  DER  VERTEIDIGUKG 
POSTFACH  161 
53  BON'N  1,  GERMANY 
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Non  Govt 


1 Dr.  Peter  fc.  Read 

Social  Science  Research  Council 
60^-  Third  Avenue 
Nev  York,  NY  10016 

1 Dr.  Hark  D.  Reckase 

Educational  Psychology  Dept. 

University  of  Missouri-Colurnbia 
12  Hill  hall 
Columbia,  MC  652C1 

1 Dr.  Fred  Reif 
SESAME 

c/o  Physics  Department 
University  of  California 
Berkely,  CA  9'»720 

1 Dr.  Andrew  K.  Rose 

American  Institutes  for  Research 
1055  Thomas  Jefferson  St.  NW 
Washington,  DC  200C7 

1 Dr.  Leonard  L.  Rosenbaum,  Chairman 
Department  of  Psychology 
Montgomery  College 
Rockville,  MD  20550 

1 Dr.  Ernst  Z.  Rothkopf 
Bell  Laboratories 
600  Mountain  Avenue 
Murray  Hill,  NJ  0797^ 

1 Dr.  David  Rumelhart 

Center  for  human  Information  Processing 
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